Objective: To assess the long-term efficacy of radiofrequency ablation (RFA) and percutaneous ethanol (EtOH) injection treatment of local recurrence or focal distant metastases of well-differentiated thyroid cancer (WTC). Background: RFA and EtOH injection techniques are new minimally invasive surgical alternatives for treatment of recurrent WTC. We report our experience and long-term follow-up results using RFA or EtOH ablation in treating local recurrence and distant focal metastases from WTC. Methods: Twenty patients underwent treatment of biopsy-proven recurrent WTC in the neck. Sixteen of these patients had lesions treated by ultrasound-guided RFA (mean size, 17.0 mm; range, 8 -40 mm), while 6 had ultrasound-guided EtOH injection treatment (mean size, 11.4 mm; range, 6 -15 mm). Four patients underwent RFA treatment of focal distant metastases from WTC. Three of these patients had CT-guided RFA of bone metastases (mean size, 40.0 mm; range, 30 -60 mm), and 1 patient underwent RFA for a solitary lung metastasis (size, 27 mm). Patients were then followed with routine ultrasound, 131 I whole body scan, and/or serum thyroglobulin levels for recurrence at the treatment site. Results: No recurrent disease was detected at the treatment site in 14 of the 16 patients treated with RFA and in all 6 patients treated with EtOH injection at a mean follow-up of 40.7 and 18.7 months, respectively. Two of the 3 patients treated for bone metastases are free of disease at the treatment site at 44 and 53 months of follow-up, respectively. The patient who underwent RFA for a solitary lung metastasis is free of disease at the treatment site at 10 months of follow-up. No complications were experienced in the group treated by EtOH injection, while 1 minor skin burn and 1 permanent vocal cord paralysis occurred in the RFA treatment group. Conclusions: RFA and EtOH ablation show promise as alternatives to surgical treatment of recurrent WTC in patients with difficult reoperations. Further long-term follow-up studies are necessary to determine the precise role these therapies should play in the treatment of recurrent WTC. 1 Papillary carcinoma is the most common subtype of the well-differentiated thyroid carcinomas (WTC). It has a relative frequency ranging from 75% to 85% among all thyroid cancers, and frequently follows an indolent course, with overall 10-year survival rates reported at 90% to 98%.
T hyroid cancer is the most common endocrine malignancy, accounting for an estimated 22,000 new cases in the United States in 2003 alone. 1 Papillary carcinoma is the most common subtype of the well-differentiated thyroid carcinomas (WTC). It has a relative frequency ranging from 75% to 85% among all thyroid cancers, and frequently follows an indolent course, with overall 10-year survival rates reported at 90% to 98%. [2] [3] [4] Treatment of WTC consists of total or subtotal thyroidectomy, with resection of suspicious lymph nodes in the central compartment. Modified neck dissection is the accepted treatment of patients with lymph node metastasis to the lateral compartments of the neck. Patients with only central compartment lymph node metastasis usually undergo central compartment node dissection only.
The overall recurrence and mortality rates for WTC have been reported at 20.5% and 8.4%, respectively, at a mean follow-up of 11.3 years. 5 Patients with thyroid cancer are routinely monitored for recurrence by ultrasound examination of the central and lateral compartments of the neck, along with serum thyroglobulin testing. When thyroid cancer recurs, it is typically found within the surgical bed or in lymph nodes of the central or lateral compartments. 4 Factors that have been associated with recurrence include young age at diagnosis, large size of the primary tumor, extracapsular spread, and a known distant metastasis. 6 The 2 most common sites for distant metastasis of papillary carcinoma of the thyroid are to the lungs and bone. 2 Cases of distant metastatic spread have been reported to occur from 5 to 47 years after initial treatment. 7, 8 Reported 10-year survival rates for patients with lung and bone metastases are 53% and 15%, respectively. 9 -11 Following diagnosis of distant metastases, overall mortality rates at 5 and 10 years are 65% and 75%, respectively. lymph node metastasis. Surgery is recommended for recurrence in the central or lateral compartments of the neck that can be identified by ultrasonography (US). Reoperative surgery in the central or lateral compartments of the neck in patients who have undergone a previous neck dissection is difficult, however, due to distortion of normal tissue planes by scar tissue formation within the surgical bed, and such operations are subsequently associated with a higher rate of complications. 9 Percutaneous radiofrequency ablation (RFA) and percutaneous ethanol (EtOH) injection are relatively new, minimally-invasive techniques that have been widely used as alternatives to surgical treatment in patients with hepatocellular carcinoma or liver metastasis from other malignancies. 14 RFA has also shown promise as an effective treatment of metastatic malignancies in bone, lung, and kidney. [15] [16] [17] [18] [19] [20] [21] [22] RFA and EtOH injection with local anesthesia have recently been reported as alternatives to surgery in patients with local recurrence of WTC. 4, 15, 23, 24 In this study, we present our experience with treatment of local WTC recurrence by RFA or EtOH at long-term follow-up. We also report our initial experience using RFA to treat focal distant metastases of WTC.
METHODS
The study was approved by our institutional review board, and informed consent to treatment was obtained from all patients before each procedure was performed. This study followed a retrospective design; therefore, informed consent was not necessary for patient participation and was waived by the institutional review board. Patient confidentiality protocols were followed to assure compliance with Health Insurance Portability and Accountability Act regulations. All patients treated with RFA or EtOH ablation had a normal platelet count and normal coagulation parameters. No patient was taking antiplatelet medications or anticoagulants for at least 1 week before the procedure.
Radiofrequency Ablation
Sixteen adult patients (ages, 28 -84 years; mean, 53 years), 12 women and 4 men, underwent percutaneous RFA treatment of biopsy-proven recurrent well-differentiated thyroid cancer in the neck. Three of these patients presented with a recurrent mass in the surgical bed detected by ultrasound after total thyroidectomy. The other 13 patients presented with a suspicious lymph node(s) in the lateral neck on a follow-up ultrasound examination. Twelve of the 13 patients who presented with a lateral neck recurrence previously had a modified neck dissection. The clinical information regarding the histologic findings of tumor size and location is summarized in Table 1 . All patients who underwent RFA treatment of neck recurrence had a positive US-guided FNA biopsy prior to the procedure.
All patients were premedicated with 0.625 mg of intravenous droperidol and received intravenous fentanyl citrate (100 -400 ìg) and medazolam (1-4 mg) that were titrated to patient discomfort during the procedure. Two 180-cm 2 grounding pads were placed horizontally on the patient's anterior or posterior chest wall and connected to the reference electrode port on the RF generator. Under ultrasound guidance with a 10 to 14 MHz linear transducer a single RF electrode (Cool-tip; Radionics Inc., Burlington, MA) with a 1-or 2-cm active tip was inserted into the mass. The RF electrode was connected to an RF generator (Cosman Coagulator-1, Radionics Inc.) and treated with the maximum allowable current for between 2 and 12 minutes. A peristaltic pump was used to perfuse chilled water (15°-20°C) at 80 mL/min through the perfusion port of the electrode to prevent tissue charring and to improve the radius of RF energy deposition. (The radius of thermocoagulation for a noninternally cooled treatment is 8 mm from the active portion of the RF electrode. This radius can be increased up to 10 to 12 mm with internal perfusion.) Internal cooling was only used for masses exceeding 1 cm in greatest dimension. The electrode tip temperature was maintained at 90°C for 2 minutes without internal cooling. Both the US-detected appearance of microbubbles and the achievement of a cytotoxic temperature of 50°C within the mass were accepted together as the endpoint of the treatment procedure.
RFA induces focal coagulative necrosis to eradicate small areas of tissue in a controlled fashion. Continuous real-time US monitoring with gray-scale and color-Doppler imaging was performed to identify proper electrode position and assess microbubble formation during the RF ablation. The presence of microbubbles results from local formation of water vapor as RF energy boils tissue within the treatment region. The temperature within the mass was measured to confirm achievement of the cytotoxic threshold temperature of 50°C. If the cytotoxic threshold was not reached, an additional RF treatment was performed. Immediate loss of the color-Doppler signal within a treated lesion that was previously hypervascular was also taken as adequate evidence of appropriate thermocoagulation in cases where microbubble formation was not observed because internal electrode cooling was not used. Continuous impedance, current delivery, power output, and RF electrode tip temperature were monitored with the RF generator. If the impedance rose 20 ohm above the baseline 3 times within 1 minute during the internally cooled RF treatments, then the treatment was stopped and the temperature within the mass recorded. At the end of a given RF treatment, the RF electrode was repositioned into the tumor mass to measure the intratumoral temperature.
Metastatic lymph node lesions ranged in size from 8 to 40 mm, with a mean diameter of 17 mm. The largest mass was 4 cm in diameter and required 5 separate treatments to ensure complete thermocoagulation. The baseline impedance of the treated areas ranged from 75 to 125 ohm. The peak current output ranged from 1000 to 1300 mA. Cytotoxic threshold temperature was reached at the conclusion of treatment in all cases but some patients required more than one treatment (range, 1-6) to reach the cytotoxic level.
A total of 4 adult patients (ages, 59 -81 years; mean, 72 years), 2 women and 2 men, underwent RFA for focal distant metastases of WTC. These metastases were determined to be focal by whole-body sestamibi scan. The clinical information regarding the histologic findings of size and location of these metastases is summarized in Table 2 . Three of these patients had solitary metastases to the bone, and 1 patient had a solitary metastasis to the lung. RFA of these metastatic lesions was performed as previously described, under intravenous conscious sedation and local anesthesia, using CT guidance and a 2.5-cm active tip cluster RF electrode (Cooltip; Radionics Inc.). Four 180-cm 2 grounding pads were placed on the patient's thorax, and treatments were administered to each lesion ranging in duration from 2 to 6 minutes, obtaining a maximum temperature of 52°to 75°C. Distant metastatic lesions ranged in size from 27 to 60 mm, with a mean diameter of 42 mm. The largest lesion was 6 cm in diameter and required 5 separate treatments to achieve complete thermocoagulation. The baseline impedance of the treated areas ranged from 54 to 180 ohm. The peak current output ranged from 400 to 1980 mA. Cytotoxic threshold temperature was reached at the conclusion of treatment in all cases, but some patients required more than one treatment (range, 2-6) to reach the cytotoxic level.
Ethanol Ablation
Six adult patients (ages, 39 -78 years; mean, 50 years), 2 women and 4 men, underwent ultrasound-guided percutaneous ethanol injection treatment of biopsy-proven recurrent WTC in the neck. One of these patients presented with a recurrent mass in the central compartment after a total thyroidectomy on routine US follow-up. The other 5 patients presented with a suspicious lymph node(s) in the lateral compartment of the neck on a follow-up ultrasound examination. The clinical information regarding the histologic findings of tumor size and location is summarized in Table 3 .
All patients who underwent EtOH injection treatment of a neck recurrence had a positive US-guided FNA biopsy preceding the procedure. All but 1 of the 5 patients with suspicious lymph nodes in the lateral compartment of the neck had a prior modified neck dissection on the side of the recurrence. Local anesthesia was achieved with 1.5% buffered lidocaine, and 0.2 to 2.0 mL of pure dehydrated ethanol was injected through a 22-or 25-gauge needle into each region of recurrence under real-time US guidance using a 10-to 14-MHz linear transducer. EtOH injection induces tissue necrosis as a result of cellular dehydration and protein denaturation. Real-time US monitoring is usually performed to ascertain the correct position of the needle in the lymph node or lesion being treated. Immediately following the injection, the treated lymph node becomes hyperechogenic as compared with the surrounding soft tissues in the neck and the needle becomes obscured, due to the presence of microbubbles in the ethanol solution as it disseminates throughout the tumor. After a short time (typically Ͻ1 minute), this intensely echogenic zone diminishes, thus allowing needle visualization.
Following RFA or EtOH injection patients were monitored in the radiology postprocedure recovery room for 2 to 4 hours with continuous observation of all vital signs. All patients were then discharged and given oral narcotics. Clinical follow-up consisted of a physical examination, serum thyroglobulin level testing, and a follow-up high-resolution US at 3-month intervals for the first year and then every 6 months thereafter. All patients who underwent RFA or EtOH ablation for neck recurrence were treated as outpatients, and were discharged within 6 hours of treatment. 8 -40 mm) . In all cases, intravenous conscious sedation was used to supplement the local anesthesia. Fifteen of the 16 patients with neck recurrence treated by RFA had histologic findings of papillary thyroid carcinoma, and 1 patient had medullary carcinoma as a component of the MEN 2 syndrome. The range of follow-up in this treated group was 10 to 68 months, with a mean follow-up of 40.7 months. All patients were followed with US-color Doppler examination, and thyroglobulin levels were available in 11 of the 16 patients. The patient with medullary carcinoma was followed by monitoring serum calcitonin.
RESULTS

Neck Recurrence
Thirteen of the 16 patients who underwent RFA had only 1 site treated. One of these 13 patients had a new recurrence inferior to the treated site but no evidence of recurrence at the initial treatment site itself. This patient refused to have a modified neck dissection at the time that the lateral neck metastatic node was initially discovered and elected to have RFA. The patient underwent a modified neck dissection after developing a recurrence at the treated site. Subsequent follow-up (31 months) has since remained negative for recurrence in the neck. One of these 13 patients presented during follow-up with a new 10-mm lymph node recurrence that was not amenable to RFA due to its close proximity to the right common carotid artery. This patient was successfully treated with EtOH ablation, as a safer alternative, and has subsequently remained free of disease at each treatment site. Another patient within this group underwent both RFA and EtOH in the same treatment session. In this patient, RFA was performed on a 20 mm lymph node recurrence, and EtOH ablation was performed on a 10-mm lymph node recurrence in the left neck region, due to the inherent difficulty in accurately placing the RF probe in lesions of 1 cm or smaller in size.
Three of the 16 patients with neck recurrence treated by RFA had treatment of multiple sites within separate treatment sessions. One patient had a suspicious biopsy of the treated 16 patients with neck recurrence treated by RFA. In 15 of these patients, ultrasound evaluation at 3 months post-treatment showed loss of the hypervascular color-Doppler pattern that was initially present in the untreated lesions. In addition, pretreatment lymph nodes that were initially hypoechoic on gray-scale imaging became more echogenic (Figs. 1-4) . A new 9-mm cyst with a small amount of adjacent echogenic, nonhypervascular tissue was seen in the site of a previously treated lymph node in 1 patient, but this lesion has remained unchanged throughout the duration of follow-up and has not undergone further workup. Throughout the duration of patient follow-up in this study, only 1 patient has presented with a new recurrence in the neck, but this recurrence did not occur in a previously treated lymph node. Ultrasound-guided fine-needle aspiration biopsy was performed 3 months after RFA treatment in 5 of these patients. Biopsy results demonstrated necrosis with inflammatory cells in all of these patients, but a few cells were noted to be suspicious for malignancy on pathologic analysis of the specimen in 1 patient. This patient underwent a second RF treatment of this lesion, and subsequently had the mass removed for cosmetic reasons.
Follow-up serum thyroglobulin levels were evaluated in 11 of the 16 patients who underwent RFA ablation for neck recurrence. Thyroglobulin levels within this group showed a drop from a mean pretreatment value of 37.0 ng/mL to a mean value of 1.9 ng/mL following treatment. Our patient treated for neck recurrence of medullary thyroid carcinoma was followed by serum calcitonin levels, which demonstrated a drop from a pretreatment value of 20.7 ng/mL to a value of 6.1 ng/mL in the post-treatment period. One patient experienced hoarseness immediately following the RFA procedure. This patient underwent treatment of recurrence of papillary carcinoma within the central compartment of the neck following total thyroidectomy. In this case, the RFA treatment most likely resulted in thermal injury to the recurrent laryngeal nerve. Although the patient's symptoms improved over the next 2 months, the right vocal cord palsy was confirmed by laryngoscopic examination. A 5-mm skin burn developed in 1 patient at the RF electrode entry site, most likely as a result of the protrusion of the proximal portion of the electrode tip through the skin during the ablation procedure. The burn healed in 2 weeks with topical antibacterial ointment and oral cephalexin (500 mg, QID for 1 week). No grounding pad burns or delayed infections were identified in any of the treated patients. Self-limited neck swelling and regional discomfort were reported in all 16 patients but resolved within 1 to 2 weeks.
Ethanol Ablation
Six adult patients (age range, 39 -78 years; mean, 50 years), 2 women and 4 men, underwent US-guided percutaneous ethanol injection treatment of WTC recurrence in the neck. The mean size of the treated lesions was 11.4 mm (range, 6 -15 mm). In all cases, treatment was provided using local anesthesia. All patients had a biopsy proven papillary carcinoma prior to EtOH ablation. The range of follow-up in this group was 3 to 32 months, with a mean follow-up of 18.7 months. Five of these 6 patients underwent routine ultrasound examination with color-Doppler analysis during the follow-up period, and serum thyroglobulin levels were followed for 3 of the 6 patients.
Four of the 6 patients with neck recurrence treated by EtOH ablation underwent a single treatment. One patient underwent EtOH ablation after attempts to place the RFA probe within a cystic lesion were unsuccessful. One patient underwent a repeat EtOH injection treatment of the persistent abnormal appearance of a previously treated node on follow-up ultrasound examinations over a 6-month period. The treatment site has since been free of disease on follow-up ultrasound examinations. One other patient underwent successful EtOH ablation to 3 lymph nodes in a single session. This patient underwent a second session for treatment of 2 new lymph node recurrences 1 year later, and all 5 treatment sites have been free of disease throughout subsequent followup. No recurrent disease has been detected to date on ultrasound examination of the treatment site in all patients who underwent EtOH ablation of recurrent WTC in the neck. US evaluation at 3 months post-treatment showed loss of the hypervascular color-Doppler pattern previously seen in untreated lesions. In addition, pretreatment lymph nodes that were initially hypoechoic on gray-scale imaging became more echogenic in these patients following EtOH injection treatment. One patient demonstrated a new 10-mm lymph node inferior to the site of a previous EtOH ablation treatment on a follow-up ultrasound examination. This patient subsequently underwent US-guided fine-needle aspiration biopsy of the lesion, which was positive for cancer, and this new metastatic lymph node was treated with EtOH injection. No other US-guided fine-needle aspiration biopsies were performed in this group.
Follow-up serum thyroglobulin levels were evaluated in 3 of the 6 patients who underwent EtOH ablation for neck recurrence. Thyroglobulin levels in these patients showed a drop from a mean pretreatment value of 6.1 ng/mL to a mean value of 2.0 ng/mL following treatment. One patient with a recurrent lesion in the central compartment of the neck treated by EtOH ablation experienced temporary hoarseness in the immediate post-treatment period, but experienced full recovery within the 3 to 4 hours preceding discharge. This group experienced no other procedure-related complications.
Distant Metastases
A total of 4 patients underwent RFA treatment of focal distant metastasis of WTC under intravenous conscious sedation and local anesthesia. Three patients (age range, 59 -76 years; mean, 69.3 years), 2 men and 1 woman, were treated with CT-guided RFA for focal bone metastasis of WTC (mean size, 46.7 mm; range, 30 -60 mm), and 1 patient (female, 81-year-old) underwent CT-guided RFA of a solitary lung metastasis. The tip of the RF probe can be accurately placed under CT guidance, and the treatment temperature carefully controlled by manipulation of the dose of RF energy delivered. Similar to RFA treatments for local recurrence of WTC in the neck, patients can tolerate this procedure to completion under local anesthesia and conscious sedation. All patients tolerated the RFA treatment to completion and experienced no procedure-related complications. All patients 
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Treatment for Thyroid Carcinoma were concomitantly treated with 131 I following RFA, and a follow-up whole body scan was obtained in all cases. The range of follow-up in patients with metastatic WTC to bone was 9 to 53 months, with a mean follow-up of 35.3 months, while the follow-up period for our patient treated for lung metastasis was 10 months.
Of the 3 patients that underwent RFA for bone metastases, one presented at 1 year of follow-up with persistent disease in the treatment site (right humeral head) and subsequently underwent a second CT-guided RFA treatment with concomitant systemic 131 I ablation therapy. A follow-up wholebody scan demonstrated no further evidence of disease. A second patient within this group underwent RFA treatment of a metastasis to the medial aspect of the right clavicle. This patient was initially referred to us for metastatic WTC following chest wall radiation and radioactive iodine ablation therapy, for widely spread disease to bone. Nine months after RFA treatment, this patient presented with persistent disease at the previously treated site, and a new mass in the substernal region, just inferior to this site. This patient was subsequently lost to follow-up. The third and final patient of this group underwent RFA treatment and concomitant systemic 131 I ablation for a solitary metastasis to the right 7th rib. A biopsy specimen obtained from the treatment site at 3 months of follow-up demonstrated absence of disease, and all subsequent whole-body scans have been negative throughout 53 months of follow-up. At this point in time, 2 of the 3 patients treated for WTC metastasis to bone have no evidence of disease at the treated site.
One patient underwent CT-guided RFA treatment of a solitary metastasis of WTC (follicular subtype) to the right lower lobe in the lung. One month post-treatment, the patient underwent a whole-body scan, which demonstrated multiple foci of increased activity in the neck, but no evidence of disease in the previously treated site within the lung. The patient subsequently underwent 131 I treatment of neck recurrences. A second whole-body scan performed 3 months after this treatment showed persistent increased uptake at the sites of the reported previous activity in the neck. Systemic ablation with 131 I treatment was again performed, but the patient still presented with an increased area of uptake in the right neck on follow-up whole-body scan. Several more treatments with 131 I ensued, and a most recent whole-body scan demonstrated persistent uptake of radioiodine in the neck but absence of disease in the previously treated site within the lung.
DISCUSSION
Surgical treatment of patients with recurrent WTC in the neck can be challenging because of scar formation from the previous surgery in either the central or lateral compartments of the neck. Routine ultrasound follow-up in these patients can identify small lymph nodes, often less than 10 mm in maximum diameter, embedded within scar tissue surrounding the previous surgical bed. This scar tissue often causes marked distortion of the normal tissue planes within the neck, making surgical dissection difficult even for experienced surgeons. Such surgical reexploration of the neck can be associated with a high rate of morbidity in these patients, making minimally invasive US-guided ablation therapies an attractive treatment option. In this paper, we present our extended experience and follow-up with RFA for local recurrence of well-differentiated thyroid malignancy in addition to our initial experience in treating focal distant metastatic disease. We also report our initial experience with EtOH ablation for local recurrence of well-differentiated thyroid malignancy.
Both RFA and EtOH have advantages and disadvantages. RFA produces a larger zone of tumor destruction than EtOH, and this energy can be finely adjusted. RFA can, therefore, treat a larger lesion. This increased energy, however, is more likely to cause a permanent injury to an adjacent nerve. One method to avoid thermal nerve injury in these cases is to inject a bolus of 5% dextrose in water solution between the mass and the expected location of the nerve, which will serve as a protective thermal barrier to RF energy. We prefer RFA for lesions greater than 10 mm and in areas outside the neck and EtOH for lesions in the neck less than 10 mm or for lesions that are in close proximity to nerves. Therefore, size and anatomic location determine whether we use RFA or EtOH for first-line ablative therapy. Thermal damage to nerves during RFA treatment should be more of a concern than damage to blood vessels, as moving blood within the lumen of the vessel serves as an adequate means to dissipate heat emitted from the RF applicator. Extreme caution should be exercised in the treatment of lesions within the lateral aspect of the central compartment that may be in close proximity to the recurrent laryngeal nerve. In comparison to treatments within the liver, power and current used in RFA of cervical lesions are much smaller, and treatment duration is relatively short, so intralesional temperatures are the key to measuring success in these cases, unlike in some other ablative techniques that use impedance-based parameters. If the temperature of the tissue within the treated lesion (or lymph node) is maintained at just above 60°C, effective thermocoagulation can be achieved with minimal thermal damage to surrounding tissues.
Lymph nodes that are successfully treated by RFA decrease in size (by approximately 95%) and become hyperechoic. 15 Assessing the adequacy of treatment of cystic lymph nodes can be more difficult because these nodes may not lose their cystic appearance following treatment. They should, however, undergo no further increase in size. Any increase in size of a previously treated lesion should suggest viable tumor which should be confirmed by US-guided FNA biopsy. Successfully ablated lymph nodes by EtOH injection should decrease in size and lose vascular flow if previously present on color-Doppler examination. A fine-needle biopsy performed in a previously treated lymph node usually yields a mixture of necrotic tissue and inflammatory cells. 4 Our long-term follow-up data suggest that RFA and EtOH ablation are feasible alternative techniques in the treatment of local neck recurrence of WTC. 15, [25] [26] [27] We do not recommend these treatments in patients who have not had previous total thyroidectomy or modified neck dissection. However, we have treated 2 patients successfully who refused surgery. One could argue that if high resolution US only showed 1 or 2 sites of disease amenable to percutaneous ablative therapy, then ablation is a viable treatment option. However, a larger randomized series might be to prove long-term efficacy compared with surgery.
Bone metastases from WTC usually present as bone pain or pathologic fractures. Metastatic WTC to the bone usually demonstrates a poor response to 131 I treatment. 28, 29 The treatment options for bone metastases include external beam radiation therapy, chemotherapy, and surgery. 30 Several reports had shown that RFA is widely used in the treatment of distant metastatic spread of a variety of different tumors. 22, 31 RFA has also been shown to be an effective treatment of metastases of WTC to bone, providing patients with relief of pain within the first 24 to 48 hours without significant morbidity. 22, [32] [33] [34] [35] RFA was demonstrated in our series to be effective in the treatment of bone metastases in 2 of the 3 patients with absence of previously demonstrated uptake of 131 I at the treatment site in 44 and 53 months of follow-up. Thyroglobulin levels showed reduction with treatment from 644 to 1 ng/mL in 1 patient in whom the thyroglobulin follow-up was available, and disappearance of the lesion was confirmed by CT scan. We also report successful treatment with RFA of a 2.7-cm solitary metastasis to lung from WTC. This patient had no evidence of recurrence in 10 months of follow-up.
CONCLUSION
Surgery is the gold standard for treatment of recurrent WTC in the central or lateral compartments of the neck. Our results with RFA and EtOH ablation are very exciting and show promise as minimally invasive alternatives to surgical treatment in some patients. RFA also shows promise as an effective treatment modality for focal distant metastases of WTC. Further long-term follow-up studies are necessary to determine the precise role these therapies should play in the treatment of recurrent WTC and whether certain more invasive surgical procedures can be replaced.
